There is an increasing understanding and requirement to take into account the effects of invasive alien species (IAS) in environmental quality assessments. While IAS are listed amongst the most important factors threatening marine biodiversity, information on their impacts remains unquantified, especially for phytoplankton species. This study attempts to assess the impacts of invasive alien phytoplankton in the Baltic Sea during 1980-2008. A bioinvasion impact assessment method (BPL -biopollution level index) was applied to phytoplankton monitoring data collected from eleven sub-regions of the Baltic Sea. BPL takes into account abundance and distribution range of an alien species and the magnitude of the impact on native communities, habitats and ecosystem functioning. Of the 12 alien/cryptogenic phytoplankton species recorded in the Baltic Sea only one (the dinoflagellate Prorocentrum minimum) was categorized as an IAS, causing a recognizable environmental effect.
Introduction
There is an increasing need to take into account effects of invasive alien species (IAS), including phytoplankton, in overall environmental quality assessments (Cardoso and Free, 2008; Orendt et al., 2009) . IAS are a subset of the alien (syn.: non-indigenous, non-native, exotic) species which were introduced by humans outside of their natural range and dispersal potential. IAS can reproduce in large numbers and rapidly extend their ranges and may cause significant impacts on native biodiversity, economic activities and/or human health (for bioinvasion terminology see e.g., Occhipinti-Ambrogi and Galil, 2004; Pyšek et al., 2009; Carlton, 2009) . The impacts of alien species may be interpreted as causing a decline in ecological quality due to changes in biological, chemical and physical properties of aquatic ecosystems (Elliott, 2003) . However, there are very few methods that have been developed to assess environmental quality affected by invasive species (e.g. Olenin et al., 2007; Orendt et al., 2009. In the European Alien Species Database (DAISIE, 2009; Olenin and Didziulis, 2009 ) some 51 phytoplankton species are indicated as being alien to European coastal waters: 22 dinoflagellates, 20 diatoms, 7 raphidophytes, 1 prymnesiophyte and 1 phaeophyte species. This number is unlikely to be complete, because unicellular plankton organisms were not reported for all European marine regions. In addition recent taxonomy revisions can result in new changes to alien species inventories. Systematic studies of marine phytoplankton began at least a 100 years later than other investigations of larger biota. Still even in well studied areas (e.g. in the Baltic Sea) where there is regular monitoring every year yields new additions to phytoplankton inventories (Hällfors, 2004; HEL-COM, 2009a) . Phytoplankton can vary in their morphology according to their exposure to different environments; sometimes the same species giving rise to a complex synonymy from different regional seas. A feature of some phytoplankton is a spontaneous appearance and this may happen without the species being recorded before and so giving rise to the possibility that the species is alien. The status of several species in northern Europe has been reviewed by Gómez (2008) . However, the classification of alien, cryptogenic (species of unknown origin which can not be ascribed as being native or alien are termed cryptogenic, sensu Carlton, 1996) and cosmopolitan species and the discovery of new species 0025-326X/$ -see front matter Ó 2010 Elsevier Ltd. All rights reserved. doi:10.1016/j.marpolbul.2010. 06.046 to science make it difficult to apportion the status of a species and this may vary according to personal opinion.
On another hand, phytoplankton are commonly distributed within ships' ballast water and many phytoplankton species have been spread in this way (e.g. Subba Rao et al., 1994; Gollasch et al., 1998; Olenin et al., 2000; Pertola et al., 2006) . Some species, recorded from ships' ballast water, are increasing in abundance, spreading over large areas with a consequent impact on biological diversity, ecosystem functioning and socio-economic values, (e.g. Occhipinti-Ambrogi and Galil, 2004; Pyšek et al., 2009) .
The list of phytoplankton recorded in the Baltic Sea consists of more than 2000 species (Hällfors, 2004) ; and is regularly updated by the HELCOM Phytoplankton Expert Group (HELCOM, 2009a) . The inventory does not indicate whether these are alien or native or their likely. This information, where known, can be found in the literature presented in two regional online information systems: NOBANIS (2009) and the Baltic Sea Alien Species Database (2009); additional alien species are indicated by Pertola (2006) . This paper examines the overall level of bioinvasion impacts caused by invasive alien phytoplankton in a relatively well studied large marine region, the Baltic Sea. We used long-term international (Baltic Marine Program, HELCOM, 2009b) and national (Estonian, Latvian, Lithuanian, Polish, German and Swedish) phytoplankton monitoring data to measure the abundance and distribution range of invasive alien phytoplankton species. We related the abundance and distribution range to the impacts of IAS on native communities, habitat and ecosystem functioning according to the biopollution assessment method of Olenin et al. (2007) . We also examined how routine monitoring may be used for bioinvasion impact assessment on a scale of various sub-regions of the Sea.
Materials and methods

Phytoplankton monitoring data
The research is based on joint 1980-2008 HELCOM and national phytoplankton monitoring program for eleven sub-regions (assessment units) of the Baltic Sea ( Fig. 1 ; Table 1 ). Samples were analyzed and species identified by phytoplankton experts, using the mandatory Baltic Sea international monitoring methods (HELCOM, 2009c) . Data on abundance (cells L À1 ), relative biomass (% from total phytoplankton biomass) and distribution of species at monitoring stations within a sub-region was used.
The following yearly periods were used in the analysis (1980-1984, 1985-1989, 1990-1994, 1995-1999, 2000-2004, 2005-2008) in each sub-region. Such periodicity usually is being used to report the environmental status in the HELCOM area (e.g. HEL-COM, 1996 . Each assessment period in a particular sub-region was considered as a case study; in total there were 66 such case studies (i.e. 11 assessment units Â 6 time periods), however only 51 case studies were used for further analysis as in the rest no presence of invasive phytoplankton was reported.
Bioinvasion impact assessment
In order to classify the impacts of invasive alien species on native species, communities, habitats and ecosystem functioning the biopollution index (BPL) (Olenin et al., 2007) was used. Each subregion ( Fig. 1 ) was considered as an assessment unit. The BPL calculation is based on an abundance and distribution range (ADR), for each species the magnitude of bioinvasion impact was assessed. An abundance is ranked as ''low" where a species makes up only a small part of the relevant community: e.g. a population of an alien alga forms a minor portion (few %) of the total phytoplankton community. It is ''moderate" when an alien species constitutes less than a half of abundance of the native community; and is ''high" when it exceeds half, i.e. quantitatively dominates in the invaded community. The distribution scored as ''one locality" when an alien phytoplankton species was found only at one sampling station within an assessment unit; ''several localities" (the species spread beyond one locality but is present in less than half of the sampling stations), ''many localities" (extends to more than a half of the stations) and ''all localities" (found at all stations). Combination of the abundance and distribution scores gives five classes of ADR (A-E), ranking an alien species from low abundance in a few localities (A) to occurrence in high numbers in all localities (E) ( Table 2) .
After the ADR is estimated, it is related to the magnitude of bioinvasion impacts, ranging from no impact (0) through weak (1), moderate (2), strong (3) and massive (4). Three categories of impacts have been considered, namely: (1) impact on native species and communities (ranging from C0 to C4); (2) impact on habitats (H0 to H4); (3) impact on ecosystem functioning (E0 to E4) (for details see Olenin et al., 2007) .
The bioinvasion impact assessment was performed using an online Biopollution Assessment System (BINPAS, 2009) which translates existing data on invasive species impacts into uniform biopollution measurement units and accumulates data on bioinvasion impacts. This system provides three confidence levels while assessing ADR and the impacts: high (data documented by field studies for the given assessment unit), medium (data documented for a part of the assessment unit and extrapolated to the entire system by expert judgment) and low (expert knowledge of the species impact based on data from studies made elsewhere applied; seethe online website BINPAS, 2009 for details and where all data in this account is also presented). The overall bioinvasion impact (Biopollution level, BPL) for the assessment unit was determined according to the greatest impact level for the alien species which was noticed during the evaluation period (Olenin et al., 2007) .
Results
Alien and cryptogenic phytoplankton species in the Baltic Sea
During the entire monitoring period of 1980-2008 most of the alien and cryptogenic phytoplankton species were either rare (occurring in low numbers, negligible in comparison to the native phytoplankton) or were not found in the monitoring samples (Table 3). For this reason their impact on native communities, habitats and the Baltic Sea ecosystem functioning was not considered to be significant.
A dictyochophyte Pseudochattonella farcimen was reported by Łotocka (2009) ). This species, however, never was found in monitoring samples.
The only truly invasive species, that has increased in abundance and has spread over large areas during the study period, was the dinoflagellate Prorocentrum minimum. The assessment of bioinvasion impact is based on the analysis of this species alone.
Assessing abundance and distribution range of P. minimum
The dinoflagellate P. minimum was reported the first time in northern European coastal waters from the English Channel area in 1976 (Smayda, 1990) . In 1979 it formed a massive bloom in the Skagerrak area; in 1981 P. minimum reached the Kattegat and it subsequently entered the Baltic Sea: in 1982 to the Belt Sea area (Edler et al., 1982) , in 1983 in Kiel fjord (Kimor et al., 1985) and in 1989 in the southern part of the Baltic Sea and Gulf of Gdań sk (Mackiewicz, 1995) . In 1989-1993, the species was found in the central and northern parts of the Baltic Proper, while in 1997-1999 it extended its range to the Gulfs of Finland and of Riga (Hajdu et al., 2000; and monitoring data) . Presently this species is not known from the Gulf of Bothnia. It has become a common element of summer-autumn phytoplankton community of the Baltic Sea.
The abundance of P. minimum has varied greatly within the assessment units (Table 4) . For example, it was first recorded in the Arkona Sea area 40 cells L
À1
, making up only 0.004% of the total phytoplankton. This was based on a single cell in a 25 ml counting chamber. Whereas in Latvian coastal waters it was recorded for the first time at 227 Â 10 3 cells L À1 already forming 20% of the phytoplankton After its establishment it has shown a very high inter-annual variability ranging from an absence and when present from $100 cellÁL À1 to blooms occurring in most samples. The greatest abundance for P. minimum within each sub-region of the Baltic Sea during the assessment periods is shown in the Table 5. The maximum abundance of 350 million cells L À1 was recorded in the Gdynia Harbor basins, at the mouth of the Chylonka river in the Gulf of Gdań sk (Witek and Pliń ski, 2000 ; Polish phytoplankton monitoring data). The abundance and distribution of P. minimum was converted into standard ADR classes (Fig. 2) . The highest ADR (Class E), other than that found in Polish coastal waters during the 1995-1999 assessment period, was also found in the Belt Sea area (1990) (1991) (1992) (1993) (1994) and also in the Lithuanian coastal waters (in 1995-1999 and 2000-2004) . The species was present at most sampling stations and was dominant in the phyto- plankton community. Elsewhere P. minimum ranged from A to D (Fig. 2) .
Impacts on native phytoplankton community
Impacts on the native phytoplankton communities caused by the dinoflagellate P. minimum were determined according to the level of overall dominance of the species within all of phytoplankton biomass and at a high level of confidence.
During its peak abundance P. minimum formed 60-98% of the phytoplankton biomass. Such a level of dominance may be regarded as an essential change to the structure of phytoplankton community. Situations where an invasive alien species dominates over native species in terms of biomass, yet former native dominant species were still present were determined as strong impact (C3); such situations were observed in 24% of case studies (Fig. 3A) . A massive impact (C4) was noted only once (Table 5) when it was found at every sampling locality and its relative biomass comprised up to 98%.
Impacts on the pelagic habitat
The level of confidence of an impact on the pelagic habitat is considered to be moderate, on account of the few more detailed observations during blooms. However, there have been notable changes in water discoloration (ranging from light brown to brown) and declines in water transparency in most areas where blooms have been recorded. Also an increase in pH of 8.28 to 9.02 has been noted in Lithuanian waters once an abundance of P. minimum exceeded 5 Â 10 5 cells L À1 (Fig. 4) . Moreover, P. minimum seems to be a good competitor when nitrates (or other inorganic nutrient) become exhausted in the Belt Sea Rare, in low numbers Odontella sinensis (Greville) Grunow (1884) 1903 (3, 4) Belt Sea, Arkona Sea, Bornholm Sea Not found in the monitoring samples Pleurosira leavis f. polymorpha (Kützing)
Compère ( Edler, 2004. **Only resting cysts of dinoflagellate Alexandrium minutum were reported from the Baltic Sea (Nehring, 1994) . ***Formerly identified as Gyrodinium aureolum. According to Hansen et al. (2000) the European ''Gyrodinium aureolum" is very closely related to or even is synonymous with the earlier described Gymnodinium mikimotoi (Miyake et Kominami) ex Oda from Japanese waters (Gymnodinium nagasakiense Takayama et Adachi). ****A raphidophyte Chattonella sp. was found for the first time in the Belt Sea area in 1998 (Edler and Hernroth, 1999) . This was later transferred to the class Dictyochophyceae and renamed firstly as Verrucophora farcimen Eikrem, Edvardsen et Throndsen (Edvardsen et al., 2007) , and then as Pseudochattonella farcimen Riisberg (Riisberg, 2008; Riisberg and Edvardsen, 2008) . *****Heterosigma cf. akashiwo species, observed in the Belt Sea area in 2004 by Edler (2004) is mentioned as an introduced species in the Baltic by Pertola (2006) .
Table 4
The level of abundance at which P. minimum was observed for the first time in the Baltic sub-regions. early phase of the bloom and high concentrations of total nitrogen are available . The impacts on habitat were estimated in most cases at level H0 (no impact) to H2 (moderate impact) and as H3 (strong) in case of the species outbreak in Gdynia Harbour (Fig. 3B) .
Impacts on ecosystem functioning
Using only monitoring data the impact on ecosystem functioning (Fig. 3C ) could only be deduced at a low level of confidence. There are no studies showing the role of P. minimum in the alteration of the Baltic Sea food webs. However, because P. minimum is mixotrophic (Stoecker et al., 1997) , it is likely that there are shifts among the dominant functional groups, such as autotrophic phytoplankton species (cyanobacteria, diatoms) dominant in the summer-autumn community in the Baltic Sea (e.g. Wasmund and Siegel, 2008; Gasi unaitė et al., 2005) . Shifts in the abundance of the functional groups during blooms of P. minimum would be expected, even should there be other (native) mixotrophic species in the system.
Overall bioinvasion impact assessment in different sub-regions
The overall biopollution index estimated for P. minimum ranged from BPL = 0 (no impact) to BPL = 4 (massive impact) and greatly varied between different sub-regions (Fig. 5) . BPL = 0 was estimated at ADR = A, i.e. it was characteristic for the cases when P. minimum occurred in low numbers (abundance < 10,000 cells L À1 , relative biomass < 8%) at one or several sampling stations and had no obvious effect on native communities, habitat or ecosystem functioning (Table 6 , Fig. 5 ). Such situations took place, mostly in the sub-regions of the northern Baltic Sea.
A weak biopollution level (BPL = 1) was estimated at ADR = B, i.e. when the species occurred at many sampling stations, yet in low numbers with abundance varying within 1200-26,500 cells L À1 and relative biomass ranging from 1% to 5%. In two cases it occurred in moderate numbers (abundance up to 129,000 cells L
À1
; relative biomass up to 28%), however its distribution was restricted to either one or otherwise a few stations. The only measureable impact was some slight structural changes to the native phytoplankton community.
A moderate biopollution level (BPL = 2) was measured at an ADR in class B (for 6 out of 19 cases), for class C (12/19 cases) and class D (1/19 cases). The relative biomass ranged from 30% to 60%; while ADR at class D was recorded only once, when the species was found at all stations, but with rather low relative phytoplankton biomass, ranging within 11-17% (Table 6, Fig. 6 ). Of the three categories of impacts, the impact on native community was measured with high level of confidence as causing a noticeable structural change in phytoplankton. Impacts on habitats and ecosystem functioning remained less obvious.
A strong biopollution level (BPL = 3) was estimated at ADR ranging within classes D (8/11 cases with BPL = 3) and E (3/11 cases). In all cases, the relative phytoplankton biomass of P. minimum exceeded 60%, although absolute numbers varied (Table 6 ). The impact on native communities was obvious; and impacts on pelagic habitat were assesses with the moderate confidence. The impact Table 5 Max abundance (A, 10 3 cells L À1 ) and ADR of P. minimum in the study sub-regions during the assessment periods. Sub-regions 1980 Sub-regions -1984 Sub-regions 1985 Sub-regions -1989 Sub-regions 1990 Sub-regions -1994 Sub-regions 1994 Sub-regions -1999 Sub-regions 2000 Sub-regions -2004 Sub-regions 2005 Sub-regions -2008 on ecosystem functioning was estimated at a low level of confidence.
Massive bioinvasion impact (BPL = 4) was estimated when P. minimum was found at all sampling stations within an assessment unit and comprised up to 98% of total phytoplankton biomass (Table 6, Fig. 6 ). Such high BPL was reached only once during the assessment period.
Discussion
The intensity of human mediated biological invasions in marine regions is increasing (e.g. Leppäkoski et al., 2002; Galil et al., 2009; Minchin et al., 2009 ) and there is a growing demand for robust and reliable methodological approaches taking into account the environmental changes caused by invasive species. We used routine 10.000-100.000
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Abundance (cells/L) pH Fig. 4 . Increase in pH during mass development of P. minimum in the Lithuanian coastal waters, mean and standard deviation bars: r(184) = 0.203, p<0.05). phytoplankton observation data collected in a standardized way in a framework of an international environmental monitoring program (HELCOM, 2009b,c) . Such data traditionally is being used for applied purposes, e.g. for following temporal trends of eutrophication (Wasmund et al., 2001) or for assessment of the ecological status of the marine environment (Sagert et al., 2004) . In this study, the monitoring data was used for an overall assessment of impacts caused by alien phytoplankton at the scale of the entire regional sea and for sub-regions within it. A generic problem in such assessments is that often the origin of a species (alien or native) remains obscure and involvement of human mediated vectors in the species spread is questionable. This was the case with P. minimum which should be regarded as a cryptogenic species. This species has a global distribution and has caused 'red' tides in different regions of the world (Grzebyk et al., 1997; Heil et al., 2005) . In the Baltic Sea it may be defined as an invasive species, which has shown increase in abundance and distribution range. P. minimum could have arrived in the Baltic Sea by means of a natural range expansion from the North Sea (Hajdu et al., 2000) where this species has been known since the early XXs century (Pertola, 2006) or by human-mediated transport. Since P. minimum produce recoverable temporary cysts following an abrupt drop in temperature or of total darkness for 8-10 days Berland, 1996, Manoharan et al., 1999) . Cysts remain viable in the dark for at least 3 months (Grzebyk and Berland, 1996) and so the species has the potential to be transported in ships' ballast tanks. The gradual expansion from the North Sea towards the eastern and northern parts of the Baltic Sea (Table 4) supports the assertion that P. minimum will have spread by natural means with water currents. Thus, so far this is the only invasive planktonic alga known for the wide range of brackish conditions in the Baltic Sea. This dinoflagellate has a wide temperature and salinity tolerance (Tyler and Seliger, 1981; Hajdu et al., 2005) , low-light adaptation (Harding and Coats, 1988) , and is able to utilize multiple nitrogen sources (Fan et al., 2003) , and a capacity to switch to mixotrophy in order to survive times of low nutrient availability (Stoecker et al., 1997) .
During the last two decades P. minimum successfully established itself in the entire Baltic Sea except within the Gulf of Bothnia and became a summer-autumn bloom forming species, although occurring irregularly between years (Fig. 4) . The massive level of bioinvasion impact was recorded only in one region although further such events are possible in the future and might take place in other regions. During the first assessment period from 1980 to 1984, the species was in an arrival and establishment phase in the according to the scheme devised by Reise et al., (2006) (Fig. 7) . At this time it only occurred in the south-western Belt Sea (including Mecklenburg and Kiel Bights, and Arkona Sea) sub-region having a weak impact (BPL 6 1). Expansion continued up to the forth assessment period (1995) (1996) (1997) (1998) (1999) , when P. minimum most probably reached the limit of its distribution range in the Baltic Sea. During this expansive phase the impact caused varied greatly between sub-regions, from BPL = 0 to BPL = 4. During the latest assessment periods (2000-2004 and 2005-2008 ) the species reached the adjustment phase (sensu Reise et al., 2006) in all evaluated sub-regions.
Early detection of alien species while populations are small and localized is an important requirement for the management of IAS (e.g. Lodge et al., 2006) . The results of our study can mimic both ''ideal" and ''worst case" scenarios. In the first case, the invader (P. minimum) was spotted for the first time in a sub-region in a very small quantity (one cell in a sample) at one locality (''ideal" detection). In the second case it was first found when its abundance already reached high (''pre-bloom") level and it has extended over several localities (''worst" case, too late for rapid response). We assume that in both cases the taxonomic expertise was sufficient to recognize an alien plankton microalga, however, in the second case the sampling was performed several days or weeks after the species was present in the area and its population began to growth. Kimor et al. (1985) showed in daily observations of the mass occurrence of P. minimum in the Kiel Fjord that the abundance of the species varied by the order of magnitude within just two days. ), biomass (% from total phytoplankton biomass) and biopollution level ( -BPL=0; -BPL=1; -BPL=2; -BPL=3; -BPL=4).
This implies that a future monitoring for alien phytoplankton species should be based on more frequent observations than they are now (biweekly, monthly or, even, seasonally), preferably using molecular probe (Diercks et al., 2008) or automatic plankton recorder (Culverhouse et al., 2006) methods. The structure of native phytoplankton community may be changed essentially due to alien plankton microalgae introduction, however, the main concerns relate to toxic phytoplankton blooms and the consequences of such events for human and animal health whether these are caused by native or alien species. P. minimum produces hepatoxic and diarrhetic shellfish toxins, which potentially may impact to human health (Grzebyk et al., 1997) . It was responsible for shellfish kills in Japan and the Gulf of Mexico (Nakazima, 1965; Smith, 1975; Okaichi and Imatomi, 1979) . However, in the Baltic Sea there are no records of any toxic events during blooms of this species.
In the Chesapeake Bay, the P. minimum blooms, often locally referred to as 'mahogany tides' on account of the deep reddishbrown to coffee colored waters associated with bloom events which take place annually (EPA, 2003) . The blooms have been associated with widespread harmful impacts including anoxic/hypoxic events, finfish kills, aquaculture shellfish kills and submerged aquatic vegetation losses. Blooms were defined as densities exceeding 3 Â 10 6 cells L À1 , a threshold above which living resource impacts were noted (EPA, 2003) as we will have found in the Baltic Sea study and corresponding to a strong impact (BPL = 3) ( Table 6, Fig. 6 ). The massive impact (BPL = 4) was established only once at an abundance level of 350 Â 10 6 cells L À1 (Table  6) , however possible cascading effects on other trophic levels, e.g. benthos or fish were not investigated but are known to have taken place following some collapses of phytoplankton blooms. However, it is possible that the P. minimum abundance threshold for massive impact (BPL = 4) is lower. For example, in the Chesapeake Bay, in the area of fish kills, which were attributed to oxygen depletion effect of P. minimum, its abundance on this occasion was estimated at 12 Â 10 6 -167 Â 10 6 cells L À1 (Tango et al., 2005) . In general, a measurable but weak, impact (BPL = 1) of P. minimum occurs at the level of 10 Â 10 3 L À1 (Table 6) , this was evident in the structural changes within the plankton community. Deducing changes in the pelagic habitat and ecosystem functioning are more difficult to ascertain.
The replacement of a native species by a morphologically and functionally similar but alien species poses difficulties for the measurement of BPL. An increase in abundance of an alien species will have caused a reduction in other competing species. This can be dramatic for outcompeted species (i.e. impact on communities) but perhaps without adverse impact to the habitat if both species occur within the same ecological niche. If P. minimum replaces another brown-colored species, the coloration of the pelagic habitat would not be changed. An increase in pH usually is not related to a single species but to the whole community: eutrophication leads to increased phytoplankton biomass and the pH will increase also.
Most phytoplankton species show seasonal occurrence, and for this reason impacts are relatively short-term and ecosystem can recover quickly even following a massive event. Previous studies in other seas have already suggested that P. minimum can inhibit the growth of other phytoplankton and have shown that P. minimum blooms often follow the blooms of the diatom Skeletonema costatum (Heil et al., 2005) . Whether the same happens in the Baltic, where S. costatum occurs also, is not known (Pertola, 2006) .
The cascading effects, however, may extend into other trophic levels, not only in the pelagic, but also in the benthic environment. Large biomass blooms typical of eutrophic systems have led to anoxia in bottom waters of Chesapeake Bay and other large estuaries (Anderson et al., 2002) further restricting and eliminating living resource habitat for fish, shellfish, zooplankton and benthos. Submerged aquatic vegetation appear to be particularly susceptible to the recurrent and extensive blooms of P. minimum that limit light penetration during the spring, a critical growing season for most species of benthic macrophytes in Chesapeake Bay (Gallegos and Bergstrom, 2005) .
Conclusion
It should be emphasized that the biopollution assessment method (Olenin et al., 2007) does not produce new data; it utilizes existing information into standard BPL units which enable comparison of relative impacts of different introduced species (including cross-taxon analysis) within different ecosystems. Clearly, the better is the knowledge of an alien species' invasion history and its impacts on native biodiversity and ecosystem functioning, the higher is the level of certainty of a BPL assessment. Our study shows, that the method is applicable for evaluation of impacts caused by alien phytoplankton using routine phytoplankton monitoring data. However the BPL approach needs further elaboration taking into account specifics of pelagic life: the temporal variability of phytoplankton abundance, short term interval of measurable impacts (which may be easily overlooked in existing monitoring practice), possible shifts in other trophic levels and cascading effects in pelagic and benthic habitats.
